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DOCUMENT-IDENTIFIER: US 5970069 A 

TITLE: Single chip remote access processor 

Brief Summary Text (7) : 

In addition, interconnect devices today offer limited or no programmability for end 
users to customize their applications and minimize network usage costs through 
optimization or channel utilization. 

Brief Summary Text (11) : 

In one embodiment, the data routing control circuit includes an internal transfer 
bus, a mult i -channel direct memory access (DMA) controller, a central processing 
unit (CPU) , an internal memory, a local memory interface, a local memory controller 
and a' bridge circuit. The internal transfer bus is coupled to the DMA controller, 
CPU, local memory controller and bridge circuit for passing data, address and 
control information to and from the various elements. The DMA controller has a 
first channel coupled to the LAN interface unit, a second channel coupled to the 
multi-protocol SWAN interface unit and a third channel coupled to the telephony 
coder-decoder interface unit. The internal memory is coupled to the DMA controller 
and the CPU for maintaining buffer memory descriptor lists for each DMA channel . 

Drawing Description Text (5) : 

FIGS. 4a-4c are block diagrams illustrating various WAN port configurations of the 
remote access processor shown in FIG. 3. 

Drawing Description Text (6) : 

FIG. 5 is a block diagram of the WAN port configuration shown in FIG. 4c. 
Drawing Description Text (37) : 

FIG. 61 is a block diagram of a time slot multiplexer and SWAN port configuration 
within the remote access processor of the present invention. 

Drawing Description Text (38) : 

FIG. 62 is a diagram of a SWAN port configuration register. 

Drawing Description Text (39) : 

FIGS. 63a-63c are port select tables. 

Drawing Description Text (47) : 

FIGS. 89a-90a are diagrams illustrating PCI port control registers. 
Detailed Description Text (7) : 

In alternative embodiments, remote access processor 34 can be located within PC 52 
or portable PC 53 to provide LAN and WAN port expansion, which allows connectivity 
to a diverse set of network interfaces. In FIG. 2b, remote access processor 34 is 
implemented within an edge router 63. LAN interface 36 is coupled to a plurality of 
PCs 52a-52c over Ethernet network 50, which allows connectivity to WAN 54 over a 
variety of SWAN interfaces 40, 42 and 44. Edge router 63 can be located in a stand- 
alone box, in network server 30 or in any one of the PCs 52a-52c. 

Detailed Description Text (8) : 
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FIG. 3 is a block diagram of remote access processor 34. Remote access processor 34 
is implemented on a single integrated circuit chip having a plurality of inputs and 
outputs. In one embodiment, the integrated circuit chip is manufactured with a 3.3 
volt, 0.35 micron CMOS fabrication technology and is packaged within a 256 position 
plastic ball grid array having nominal dimensions of 27 mm. times. 27 mm. times. 2.1 
mm. The communication interfaces include LAN interface 36, PCI interface 38 and 
SWAN interfaces 40, 42a, 42b and 44. SWAN interface 40 is a multi-protocol SWAN 
interface. SWAN interfaces 42a and 42b are time division multiplexer (TDM) serial 
interfaces for supporting two ISDN-BRI networks. SWAN interface 4 4 is a V. 34 coder- 
decoder (CODEC) interface for coupling to a V.34 CODEC modem. The remaining inputs 
and outputs of remote access processor 34 include serial peripheral interface (SPI) 
55, reference clock input 56, real time clock (RTC) input 57, battery back-up input 
58, UART compatible serial I/O port 60, 40 Mhz clock input 62, boundary scan test 
I/O 64, 32-bit local memory interface 66 and general purpose interrupt/control I/O 
70. 

Detailed Description Text (9) : 

V.34 CODEC interface 44 is coupled to V.34 interface controller 72, which provides 
a serial digital interface to an external V.34 CODEC and digital-to-analog 
converter. V.34 CODEC interface 44 can also be routed to an external ISDN-BRI 
channel . 

Detailed Description Text (11) : 

Multi -channel DMA controller 82 is coupled between interface controllers 72, 74 and 
76a-76d and memory 84. In a preferred embodiment, memory 84 includes a static 
random access memory (SRAM) . DMA controller 82 is also coupled to internal transfer 
bus 8 6, which includes a data bus, an address bus and a control bus. DMA controller 
82 has six channels which are coupled to respective controllers 72, 74 and 76a-76d 
for directing data from any one of the controllers to memory 84 or to transfer bus 
86. DMA controller 82 also transfers data from transfer bus 86 and memory 84 to any 
one of the controllers 72, 74 and 76a-76d. Although any multi -channel DMA 
controller can be used with the present invention, DMA controller 82 preferably 
includes a contents addressable memory (CAM) which determines the destination of 
received data packets based on the address header of the data packet. An example of 
a DMA controller having a CAM is described in more detail in U.S. Ser. No. 
08/761,986, filed Dec. 11, 1996, and entitled DMA CONTROLLER WITH ENHANCED DATA 
FRAME PROCESSING, which is hereby incorporated by reference. 

Detailed Description Text (16) : 

Memory controller 110 is coupled between local memory interface 66 and internal 
transfer bus 86. Memory controller 110 is also coupled to DMA controller and bridge 
circuit 112. Memory controller 110 is an integrated memory controller for 
supporting various local peripheral memory devices, such as a 32-bit SDRAM or an 8- 
bit PROM, which may be coupled to local memory interface 66. DMA controller and 
bridge circuit 112 is coupled between memory controller 110 and PCI interface 
circuit 114, and has data, address and control buses coupled to internal transfer 
bus 86. Circuit 112 transfers data packets between PCI interface 114 and local 
memory, through memory controller 110 and under the control of CPU 90. PCI 
interface circuit 114 is coupled between PCI interface 38 and internal transfer bus 
86. PCI interface 114 is a 33 Mhz, 32-bit (3.3 Volt/5.0 Volt) interface which 
allows connection to external devices such as a host processor, additional LAN and 
WAN ports, multiple remote access processors, or network servers, for example. 
Finally, general purpose interrupt and control circuit 116 is coupled between 
interrupt and control interface 70 and internal transfer bus 86. In one embodiment, 
circuit 116 includes twelve programmable, bidirectional pins for serving additional 
interrupt inputs or control outputs. 

Detailed Description Text (20) : 

DMA controller 82 and CPU 90 maintain' at least one "transmit" linked list of buffer 
memory descriptors (BMDs) in memory 84 for each channel . The BMDs in each list 
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point to a data packet stored in local memory that are to be transmitted through 
that DM A channel . DMA controller 82 has a buffer memory descriptor (BMD) pointer 
register for each channel, which point to the first BMD in the corresponding list. 
When CPU 90 is notified by memory controller 110 that there is a packet in local 
memory to be transferred, CPU 90 appends a new BMD to the transmit linked lists of 
the channel or channels through which the data packet is to be transmitted.' CPU 90 
then notifies DMA controller 82 that the data packet is ready to be transmitted. 
Each channel of DMA controller 82 then transfers the packets identified in its 
transmit linked list to the corresponding controller 72, 74, 76a, 76b, 76c or 76d. 

Detailed Description Text (21) : 

In addition, when the first packet is sent through a particular communication 
interface, CPU 90 performs a call sequence to setup the desired connection through 
the corresponding controller. For example, CPU 90 provides SWAN controllers 7 6a-7 6d 
with a telephone number and other data to initiate a call over interface ports 40, 
42a and 42b. 

Detailed Description Text (25) : 

When a data packet is received at one of the serial WAN interfaces 40, 42a or 42b 
or at LAN interface 36, the data packet is passed to DMA controller 82 which 
temporarily stores the data packets in local memory. CPU 90 maintains at least one, 
and preferably two, "receive" linked lists in memory 84 for each channel of DMA 
controller 82. The receive linked list includes a BMD for each received data packet 
that is stored in local memory and corresponds to that DMA channel . 

Detailed Description Text (26) : 

As each data packet is received by DMA controller 82, the header address is 
extracted from the data packet and applied to the CAM within DMA controller 82 . 
Based on the header address, the CAM provides an output to DMA controller 82 that 
identifies the receive linked list or lists to which the data packet should be 
appended. DMA controller 82 uses the receive linked list to access the BMD which 
points to the local memory destination of that packet, which is reserved for 
storing received data- packets . DMA controller 82 then moves the data packet into 
the local memory destination through memory controller 110. In one embodiment, each 
channel of DMA controller 82 has a corresponding segment of local memory in which 
to store its received data packets. 

Detailed Description Text (27) : 

When the data packet is in local memory, DMA controller 82 interrupts CPU 90. CPU 
90 looks at the receive linked list, determines the packet destination, and if the 
packet destination is one of the LAN or WAN interfaces, the CPU appends a BMD to 
the transmit linked list of the channel of DMA controller 82 that corresponds to 
the destination. The BMD has a buffer address that points to the data packet in 
local memory. DMA controller 82 then transfers the packet through the corresponding 
channel and LAN or WAN controller. If the packet destination is a host processor or 
other device coupled to PCI interface 38, CPU 90 transfers the packet from the 
local memory through DMA/bridge circuit 112 to PCI interface circuit 114. The DMA 
portion of circuit 112 has linked list for controlling the transfer of data packets 
to PCI interface circuit 114. This link list is updated by CPU 90. 

Detailed Description Text (28) : 

When serial data is received at V.34 Codec interface 44, the data represents a 
sampling of the analog signal transmitted over a public switched telephone network. 
The sampling is performed by an external V.34 Codec (not shown) coupled to V.34 
Codec interface 44. As in the case where serial data is received at one of the LAN 
or. WAN ports DMA controller 82 collects the serial data and stores the data in 
local memory, through memory controller 110. Once the data samples have been stored 
in local memory, CPU 90 retrieves the data samples and demodulates the samples into 
digital data packets by performing a digital filter and data pump function through 
the V.34 digital signal processing algorithm. CPU 90 then stores the data packets 



h e b b eg b cc e 



Record Display Form 



Page 4 of 12 



back into local memory through memory controller 110, and notifies the routing 
software executed by CPU 90 to look for the packets in local memory. The routing 
software then retrieves the packets from local memory and determines their 
destination, as discussed above. 

Detailed Description Text (30) : 

FIGS. 4a-4c are block diagrams illustrating various WAN port configurations of 
remote access processor 34 shown in FIG. 3. In FIG. 4a, remote access processor 34 
is configured to communicate between one Ethernet port and four SWAN ports . In FIG. 
4b remote access processor 34 is configured to communicate between one Ethernet 
port, two ISDN-BRI ports and one V.34 port . In FIG. 4c remote access processor 34 
is configured to communicate between one Ethernet port, one multi-protocol SWAN 
port, one ISDN-BRI port and one V.34 port . 

Detailed Description Text (31) : 

FIG. 5 is a block diagram of an application of remote access processor 34 according 
to the configuration shown in FIG. 4c. PCI interface 38 is coupled to PCI bus 150, 
which is coupled to host processor 152. LAN interface 36 is coupled to an Ethernet 
physical layer device 154, such as a DP83840VCE PHY device which is available from 
National Semiconductor Corporation. Isolation transformer circuit 156 is coupled 
between Ethernet physical layer device 154 and LAN network 158 for communication 
over LAN network 158. Local memory interface 66 is coupled to local memory bus 160, 
which is coupled to DRAM 162, flash ROM 164, DS-1/E1 Frame Relay framer 166 and 
Siemens 2186 ISDN transceiver 168. DRAM 162 and flash ROM 164 form the local memory 
for storing the software algorithms executed by remote access processor 34 and for 
storing data packets received from the various communications ports of remote 
access processor 34. 

Detailed Description Text (32) : 

TDM serial interface port 42a is coupled to ISDN transceiver 168. ISDN front end 
circuit 170 is coupled between ISDN transceiver 168 and ISDN network 172. 
Similarly, multi-protocol SWAN interface 40 is coupled to framer 166. A DS-1 CSU/E1 
isolation transformer circuit 176 is coupled between framer 166 and SWAN network 
178. Flash ROM 164 provides 8-bits of instruction data over local memory bus 160. 
Remote access processor 34 controls the operation of ISDN transceiver 168 and 
framer 166 using 8 -bit bus 174 . In an alternative embodiment , in which a Motorola 
ISDN transceiver is used, SPI interface 55 provides control for the transceiver. 

Detailed Description Text (36) : 

The following example outlines the functionality of the Remote Access Processor 
(RAP) of the present invention according to one embodiment of the present 
invention. The RAP provides wide area connectivity to an ethernet LAN, as 
illustrated in FIG. 2. Up to four WAN ports are supported. WAN technologies and 
protocols include analog V.34, Basic Rate ISDN, fractional or full DS-1/E1, ADSL, 
cable modem or other high speed technologies up to the STS-ldata rate of 52 Mbps. A 
PCI interface is provided for server based applications and LAN/WAN port expansion. 



Detailed Description Text (65): 

PCI. sub. — INTn (PCI Interrupt): RAP asserts PCI. sub. — INTn when the Transmit 
Messaging Mailbox is not empty and the interrupt is enabled in the Primary Port 
Control Register. Additional information is provided in Section 9.2.3, below, which 
is entitled "Primary Port Control Registers". 

Detailed Description Text (84): 

The Serial UART Interface provides a serial port for connecting to a console and 
allows for RAP system monitor and debug. 

Detailed Description Text (142) : 

BS.sub. — TRSTn (Test Reset): BS.sub. — TRSTn, when asserted, resets the Boundary 
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Scan Test Access Port controller. 
Detailed Description Text (157): 

The RAP's Central Processing Unit (CPU 90) is based upon LSI Logic Corporation's 
CW4011 MiniRISC . TM . high performance processor core. CW4011 is the G10 
implementation of the LSI Logic CW4010 superscalar MIPS processor. A block diagram 
of CPU 90 is shown in FIG. 9. CPU 90 interfaces to RAP logic via two interfaces. 
The SC-bus 220 is a 32-bit bus for accessing PCI, Local Memory and RAP internal 
registers. The On Chip Access (OCA) 222 bus provides high speed access to the SRAM 
84 used as shared memory with the DMA Controller 82. In addition to the CW4011 
core, CPU 90 provides: direct-mapped or two way set associative instruction cache, 
direct-mapped or two-way set associative data cache, a writeback buffer for 
writeback cache mode, reset control and address translation hardware. The RAP Chip 
and CW4011 core are configured such that all data structures are big endian. 

Detailed Description Text (159) : 

In addition to the CW4011 registers, CPU 90 contains the registers identified in 
FIG. 10. CPU 90 directly accesses external devices on either the PCI or Local 
Memory Bus. The slave address space reflected on the PCI is 128 Mbytes and, 
together with Internal Memory SRAM 84 and hardware registers results in internal 
address buses [31:0]. Address bits [31:30] define whether the operation is a PCI 
bus, local memory, internal SRAM 84 or hardware registers. The CPU. sub.-- AddrMap 
register holds the most significant bits of an address for an CPU access through 
the PCI or Local Memory Port in order to extend external address buses to 32 bits. 

Detailed Description Text (162): 

The 5-bit wide field, CPU. sub. — PciMSB, is concatenated with the 27 bit wide 
internal address to form 32 bit wide external address on the PCI bus. The 5-bit 
wide field, CPU. sub. — LmMSB, is concatenated with the 27 bit wide internal address 
to form 32 bit wide external address on the Secondary Port . 

Detailed Description Text (164): 

FIG. 12 illustrates the PCI and Local Memory address formation. The exception 
vector space located at virtual address OxbfcO 0000 is further remapped using the 
field CPU. sub. — ExcMap as shown in FIG. 13. This space may be mapped on the 
Secondary Port for booting from byte wide EPROM or SRAM/DRAM code downloaded from 
PCI. FIG. 13 illustrates the Local Memory address formation for exception vectors. 

Detailed Description Text (174): 

Looking at FIG. 15, Int. sub.-- DMA is the buffer completion/exception interrupt 
from the DMA controller; Int. sub.-- EN is an exception interrupt from the ethernet 
controller; Int. sub. — V.34 triggers the V.34 datapump; the Int. sub. — PCI 
interrupt is asserted whenever a PCI error has occurred, to report PCI related 
Mailbox interrupts or to signal PCI DMA completion; Int. sub. — SWANn indicate an 
exception by the associated SWAN controller; Int. sub. — RTC is the Real Time Clock 
interrupt; an enabled Timer time-out event generates the Int. sub. — Timer 
interrupt; Int. sub. — GPI/O are external interrupts from the General Purpose I/O 
port ; and Int. sub. — UART is the UART interrupt. 

Detailed Description Text (176) : 

The Local Memory Controller (LMC) 110 provides access to external memory used for 
packet buffers, CPU instructions and data structures Synchronous DRAM devices and 
SGRAM used as an SDRAM are supported. The LMC is also used to access byte-wide 
EPROM for CPU boot and the control port of external PHY devices. 

Detailed Description Text (179) : 

There are 4 bus masters that access the local memory: the CPU, the multi channel 
DMA engine, an external PCI bus master, and the PCI DMA engine. Priority will be a 
simple round robin between the CPU, the multi channel DMA and one of the PCI 
masters. The PCI bus master and the PCI DMA engine will have a round robin priority 
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between them to see who gets to arbitrate for memory. The CPU is the only master 
that can access the PHY page. The CPU and the PCI masters can access the EPROM, but 
the multi channel DMA cannot. Burst transfers are not allowed to the EPROM or PHY 
pages. 

Detailed Description Text (207) : 

The EPROM interface is provided for boot code. The CPU 90 and the PCI external 
master can access the EPROM page. The port is only 8 bits so the LMC 110 will 
convert word accesses to 4 byte accesses transparent to the CPU 90 or PCI master. 
Byte accesses are also allowed. The RAP is big endian, so address 3 will go to the 
least significant byte of a word transfer, address 0 will go to the most 
significant byte. A byte read of address 3 will have data valid on the least 
significant byte of data. A byte read of address 0 will have data valid on the most 
significant byte of data. Even though the port is 8 bits, the LMC will move data to 
the proper byte lane as seen by the CPU and PCI. 

Detailed Description Text (219) : 

The PHY interface is provided to allow access to 8 bit chips. The CPU is the only 
master that can access the PHY page. The port only allows byte transactions. Any 
word transaction will complete on the internal chip bus but reads will always 
return 0 and nothing will be written on a write. The address and data may be muxed 
or not muxed. The control signals for this port are CSn, OEn, WEn, and ALE. The . 
timing is governed by a programmable wait state generator. No ready or acknowledge 
signals will be checked. If there are multiple devices on the PHY port then an 
external PAL will be needed to generate the chip selects. An external PAL will 
probably be needed to convert the timing of the CSn, OEn, WEn, and ALE signals to 
what the device needs . 

Detailed Description Text (235) : 

The DMAC 82 supports 6 transmit and 12 receive link list buffers. Transmit buffers 
are assigned on a per channel basis, whereas receive buffers are assigned based on 
channel # and frame address. Up to 6 bytes of frame address can be used to 
determine receive buffer, or if the frame should be discarded. 

Detailed Description Text (236) : 

DMAC arbitration for the RAP internal bus 8 6 alternates between input and output. 
Arbitration for channel service uses a two priority method based on communication 
channel FIFO status. Each serial port has programmable thresholds. Those channels 
with data levels exceeding threshold on receive, or below threshold during transfer 
are given higher priority than other channels . This allows the DMAC 82 to adapt to 
peaks in data transfer rate and allows high speed and low speed channels to 
peacefully coexist. 

Detailed Description Text (238) : 

For multiplexed operations, Buffer Memory Control sections 254 and 256 govern which 
multiplexed channel is transmitting and receiving from or to the Local Memory 
Interface over bus 86. In order to prevent overruns and underruns on any particular 
channel, each channel is given an equal time share to access Buffer Memory. This 
process is achieved in DMAC 82 by using word groups. 

Detailed Description Text (240) : 

In the transmit direction, one Transmit Data Queue 250 is required per multiplexed 
channel. The Channel Number (Chan #) is an input to the Transmit Word Group Queue 
and selects the appropriate queue in which to write transmit data into. 

Detailed Description Text (241) : 

Buffer Memory Control 254 will transfer one word group per DMA channel from Buffer 
Memory into the Transmit Word Group Queue 250. The specified Channel Number (Chan 
#) accompanies each data word through the Transmit Word Group Queue 250. Four Byte 
Enable flags also accompany each data word through the Transmit Word Group Queue 
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250. 

Detailed Description Text (244): 

In the receive direction, each channel of DMAC 82 has an associated byte wide 
Receive Data Queue within circuit 252. In addition to the 8 bits of data, the 
Receive Data Queues have 1 bit indicating the End of Frame (EOF) . The EOF bit is 
set in the Receive Data Queue byte location immediately following the last data 
byte of a frame. Bits 0-7 of the byte associated with the EOF bit are used as error 
flags from the serial interface controller. 

Detailed Description Text (246) : 

A Byte To Word Group Collection circuit within circuit 252 will get a byte of data 
from the Receive Data Queue. The Byte To Word Group Collection circuit will collect 
data bytes for all enabled channels . When a word group is reached, the Byte To Word 
Group Collection circuit will notify Buffer Memory Control 256, and the word group 
will be written to Buffer Memory through output 258. 

Detailed Description Text (247) : 

While a word group is being transferred to Buffer Memory, Byte To Word Group 
Collection will continue to collect data bytes for all enabled channels . 

Detailed Description Text (248) : 

Circuit 252 further includes a Header Offset Lookup Table. The Header Offset Lookup 
Table provides a parameter for indexing the beginning of the receive frame header 

on a per channel (RxQue channel ) basis. This 4-bit parameter is an integer offset 

into the incoming frame to indicate the byte number of the first header byte. If 

the first byte of the frame is the beginning of the Frame Header field, then Header 
Offset parameter is set to zero. 

Detailed Description Text (249) : 

Circuit 252 includes a Receive Frame Header Array, which is a small memory array 
used for incoming (receive) data frames. Four bytes of information are stored per 
incoming channel number. For each frame received, the DMAC captures the 4 byte 
Frame Header field and then routes the field to the Receive Frame Action CAM 260. 
The Header Offset parameter defines the absolute offset to the Frame Header field 
in the receive data frame. 

Detailed Description Text (252) : 

As mentioned above, DMAC 82 and CPU 90 maintain one Linked Buffer Memory Descriptor 
(BMD) List in SRAM 84 for each transmit channel and two linked BMD lists for each 
receive channel of DMAC 82. Configuration Registers/Processor Interface 270 
includes one BMD pointer register for each BMD list maintained in SRAM 84, which 
points to the addresses of the active transmit or receive buffer memory descriptor 
in SRAM 84. These descriptors provide the transmit and receive parameters for the 
data presently being transmitted and received. The BMD pointer registers are 
updated by DMA controller 82. 

Detailed Description Text (261) : 

RxErr[7:0] are the receive error flags from the Serial Ports . The Error flag 
definition from the ethernet port 36 is shown in FIG. 26. RSV22 indicates a carrier 
event was detected some time after the last receive frame. A carrier event is 
defined as activity on the channel that does not result in a packet receive 
attempt. An example is receiving a preamble, but no SFD, or receiving more than 7 
bytes of preamble. RSV20 indicates a bad packet is received. RSV19 indicates a long 
event was previously seen. RSV18 indicates an invalid preamble (not 55hex or code 
5055hex was received with this frame) . RSV15 indicates a CRC error was detected 
with the receive frame. RSV14 indicates a dribble nibble (odd number of nibbles) 
was received in is this frame. RSV13 indicates a 4B/5B code violation was detected 
on receive. 
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Detailed Description Text (262) : 

The Error flag definition from the SWAN ports is shown in FIG. 27. CRC.sub. — Err 
indicates a CRC error was detected for synchronous protocols or a parity error was 
detected for asynchronous protocol. Frame. sub. — Err indicates the HDLC trailing 
flag was received off byte boundary or a missing stop bit was detected in 
asynchronous mode. Abort. sub. — Err indicates the HDLC frame ended with an abort or 
Data Carrier Detect was deasserted prior to the trailing HDLC flag in synchronous 
mode. For async, Abort. sub. — Err indicates detection of a break condition or the 
Deassertion of DCD. 

Detailed Description Text (264) : 

DMAC 82 maintains several registers in block 270. These registers include a DMAC 
Control Register, a DMAC Transmit Channel Enable Register, a DMAC Receive Channel 
Enable Register, a DMAC Interrupt Enable Register, a DMAC Interrupt Queue Register, 
a DMAC Header Offset Lookup Table, Receive Frame Action CAM Compare Data Registers 
1 and 2, a Receive Frame Action CAM Compare Mask Register, and a Receive Frame 
Action Register. These registers are illustrated in FI.GS. 28a-38a, and individual 
bits are defined in FIGS. 28b-38b, respectively. 

Detailed Description Text (267) : 

The LSI Logic V.34 SoftModem core is a software function ported to the RAP chip. 
All of the V.34 modulaticn/demodulation and call control intelligence is contained 
in the V.34 software available trom LSI Logic Corporation. This software, however, 
needs certain ports to communicate with the logic and access circuitry that is 
Implemented external to the chip in order to drive the telephone line. The RAP chip 
provides an integrated set of controls and interface ports designed to connect 
directly to preferred codec/DAA circuitry located external to the RAP. This 
integrated set of controls and interface ports is referred to as the "V.34 
Interface Block 72". 

Detailed Description Text (284): 

Four SWAN Controllers 76a-76d (FIG. 3) provide multiprotocol framing for up to four 
WAN ports . Two or three SWAN controllers may be required for an ISDN BRI connection 
for 2B or 2B+D configurations, respectively, at TDM interfaces 42a and 42b. Maximum 
data rates are protocol dependent. Clocked synchronous connections have a maximum 
data rate of 52 Mbps . Non-clocked synchronous connections are supported up to 2.04 8 
Mbps, while asynchronous (start/stop) connections are limited to 500 Kbps. 

Detailed Description Text (297): 

The SWAN Memory Map 320 is shown in FIG. 43, and includes several registers. SWAN 
Configuration Register • 320a is shown in FIGS. 44a and 44b, SWAN Baud Rate Generator 
Register 320b is shown in FIGS. 45a and 45b, SWAN Reset/Halt Register 320c is shown 
in FIGS. 46a and 46b, SWAN Status Register 320d (bits 15-0) is shown in FIGS. 47a-' 
47c, SWAN Status Register 320d (bits 31-16) is shown in FIGS. 48a and 48b, SWAN 
Sync Character Register 320e is shown in FIGS. 4 9a and 4 9b, SWAN Idle Character 
Register 320f is shown in FIGS. 50a and 50b, SWAN Interval Timer Register 320g is 
shown in FIGS. 51a and 51b, SWAN Idle Count Register 320h is shown in FIGS. 52a and 
52b, SWAN Channel Configuration Register 320i is shown in FIGS. 53a-53c, SWAN 
Channel Pacing Register 320 j is shown in FIGS. 54a and 54b, SWAN Rate Indication 
Register 320k is shown in FIGS. 55a and 55b, and SWAN FIFO Threshold Register 3201 
is shown in FIGS. 56a and 56b. 

Detailed Description Text (304): 

4.8 Time Slot Multiplexer & WAN Port Configuration 
Detailed Description Text (305) : 

FIG. 61 is a block diagram which illustrates WAN port configurability. Two Time 
Slot Multiplexers (TSMs) 340 and 342 provide TDM highways for ISDN BRI, channelized 
Tl/Eland other TDM applications. The four SWAN controllers 76a-76d and two Serial 
Peripheral Interfaces (SPI) 80 connect to both TSMs. Serial Channel to time slot 



h e b b eg b cc e 



Record Display Form 



Page 9 of 12 



mapping is programmed in the Switch Table RAM associated with each TSM. 
Alternately, SPI #1 may be mapped to external signal pins as a general purpose 
serial port ■ 

Detailed Description Text (307) : 

WAN Port configuration is programmable in the WAN Port Conf iguration Register, 
which is shown in FIG. 62. SPI1SEL [1 : 0] (SPI 1 Port Select bits 11-10) select which 
WAN Port SPI #1 is connected to as defined in FIG . 63a. SPI2SEL [1 : 0] (SPI 2 Port 
Select bits 9-8) select which WAN Port SPI #2 is connected to as defined in FIG. 
63b. SWANnSEL[l:01] (SWAN Port Selects bits 7-0) select which WAN Port each SWAN is 
connected to as defined in FIG. 63c. 

Detailed Description Text (310) : 
CHEN Channel Enable bit 15 

Detailed Description Text (311) : 

Channel Enable, when asserted, enables the channel designated by CH#[4:0] onto the 
transmit TDM bus for the time slot duration specified by CNT[7:0], When CHEN is 
clear, no channel is enabled on the transmit TDM bus. The value of CHEN is 
available on core output signal CHN.sub. — EN for use in tristate control of the 
Transmit TDM interface pin. For receive, the CHEN pin acts as an enable to the 
decode of channel selects. 

Detailed Description Text (316) : 
CH#[2:0] Channel Number bits 12-8 

Detailed Description Text (317): 

CH#[2:0] identifies the physical channel assigned to the time slot. 

Detailed Description Text (345) : 
4.9.3 Port Control Registers 

Detailed Description Text (347): 

For most applications, RAP 34 is connected to PCI systems that may have high 
latency. The PCI DMA Controller 112 (FIG. 3) optimizes performance by allowing long 
bursts. PCI burst length may need to be fine tuned with Local Memory Bus burst 
length to achieve optimum system performance. The PCI Interface 114 and Local 
Memory controller 110 integrate maximum burst timers which are controlled by the 
PCI. sub. — Ctrl register. The Primary Port maximum burst size timer works 
independently from the PCI latency timer. The main purpose of these maximum burst 
size counters is to break up long packet transfers so the coram DM A channels do not 
stall. 

Detailed Description Text (355) : 

The mailbox register is shown in FIG. 98. The signal MbxTxEmpty is used to generate 
the PCI. sub. — INTn signal. The PCI. sub. — INTn is asserted ashen enabled in the 
Primary Port Control Register and the transmit mailbox is not empty. An external 
controller is expected to isolate the mailbox register from events that cause 
overflow of the Fifo. If an external bus master on the PCI bus reads an empty 
Transmit FIFO 350, value 0 is returned. If the PCI master attempts to write to a 
full Receive FIFO 352, the written data is dropped and a non-vectored interrupt is 
asserted to the CPU. The external master is expected to prevent overflow of the 
mailbox register. If the Rx FIFO 352 overflows, the interrupt MxRxOVRFL is sent to 
the CPU 90. The CPU 90 sends a message to the PCI master indicating that the FIFO 
overflowed. The Mailbox status signals are visible to the PCI bus master in the 
PCI. sub. — Control register. If the CPU 90 reads an empty Receive FIFO 352, value 0 
is returned. If the CPU 90 attempts to write into a full Transmit FIFO 350, the CPU 
is stalled until the FIFO becomes non-empty and the interrupt MbxTxOVRFL is 
generated. The signals MbxRxFull, MbxRxTHLD and MbxRxEmpty generate a vectored 
interrupt to the CPU 90. 
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Detailed Description Text (365) : 

The Buffer Memory Descriptor (BMD), shown in FIG. 100, is 16 bytes long and resides 
in Buffer Memory, aligned on an 16 byte boundary. Word 0, bits 0-3 and 8-12, are 
the BMD Flags. These flags are not used in the PCI DMA engine. They may be used in 
the n -channel DMA controller. Word 0, bits 4-7 and 13-31 are not used and may be 
reserved for future use. Word 1, bits 16-31, is the Byte Count field for this data 
buffer and specifies the number of bytes that are to be transferred to or from this 
data buffer. Word 1, bits 0-15 are not used. Word 2, bits 0-31 contains the Buffer 
Memory Address of this data buffer. The data buffer can start on any address byte 
boundary. Word 3, bits 0-31 contains a Next BMD Pointer. This is the Buffer Memory 
address of the next BMD in the linked list. Since a BMD must start on a 16 byte 
address boundary, bits 0-3 of the Next BMD Pointer are expected to be zero. The end 
of the linked BMD list is reached when the Next BMD Pointer is zero. 

Detailed Description Text (374): 

The General Purpose I/O port provides 12 signals that are programmable as inputs or 
outputs. The outputs are directly mapped to the CPU register space and are .useful 
as control signals to external devices, modem control signals, or LED drivers. As 
inputs, the General Purpose I/O pins may be used as CPU vectored interrupts. 

Current US Original Classification ( 1 ) : 
370/402 

CLAIMS : 

1. A single chip remote access processor for receiving and transmitting data 
packets having headers with destination addresses, the processor comprising: 

a plurality of communication interface units adapted to transmit and receive the 
data packets and comprising a local area network (LAN) interface unit, a first 
multi-protocol serial wide area network (SWAN) interface unit, a telephony coder- 
decoder interface unit and a peripheral component interface (PCI) unit; 

a multi -channel direct memory access (DMA) controller which is coupled to the 
plurality of communication interface units and comprises a plurality of channels 
and a contents addressable memory (CAM) , wherein each channel comprises a transmit 
queue and a receive queue and wherein the CAM comprises a contents compare input 
coupled to the receive queues so as to receive the destination address of each 
received data packet and comprises a compare output that identifies which of a 
plurality of receive linked lists each data packet received by the receive queues 
is to be appended based on a comparison of the respective destination address; 

a central processing unit (CPU) is adapted to maintain a transmit linked list of 
transmit buffer memory descriptors (BMDs) for each channel of the DMA controller 
and to maintain the plurality of receive linked lists of receive BMDS, wherein each 
transmit BMD corresponds to a data packet to be transmitted through the respective 
channel and wherein each receive BMD corresponds to a data packet received through 
one of the channels . 

5. The single chip remote access processor of claim 2 wherein: 

the plurality of communication interface units further comprises second, third and 
fourth multi-protocol SWAN interface units; and 

the plurality of channels of the DMA controller comprises a first channel coupled 
to the LAN interface unit, a second channel coupled to the multi-protocol SWAN 
interface unit, a third channel coupled to the telephony coder-decoder interface 
unit, a fourth channel coupled to the second multi-protocol SWAN interface unit, a 
fifth channel coupled to the third multi-protocol SWAN interface unit and a sixth 
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channel coupled to the fourth multi-protocol SWAN interface unit. 

6. The single chip remote access processor of claim 5 and further comprising: 
a time division multiplexer interface port ; and 

a time division multiplexer coupled between the time division multiplexer interface 
port and the first, second, third and fourth multi-protocol SWAN interface units. 

7. The single chip remote access processor of claim 6 and further comprising a 
multi-protocol SWAN interface port coupled to the first multi-protocol SWAN 
interface unit. 

14. A remote access processor comprising: 
an internal transfer bus; 

a plurality of communication interface units comprising a local area network (LAN) 
interface unit, a first multi-protocol serial wide area network (SWAN) interface 
unit, a telephony coder-decoder interface unit and a peripheral component interface 
(PCI) unit, wherein the telephony coder-decoder interface unit comprises a serial 
interface for receiving modulated digital samples; 

a mult i -channel direct memory access (DMA) controller coupled to the internal 
transfer bus and having a first channel coupled to the LAN interface unit, a second 
channel coupled to the multi-protocol SWAN interface unit and a third channel 
coupled to the telephony coder-decoder interface unit; 

a central processing unit (CPU) coupled to the internal transfer bus which is 
adapted to receive a first data packet through the first or second channel of the 
DMA controller, modulate the first data packet for transmission through the 
telephony coder-decoder interface unit and route the modulated first data packet to 
the telephony coder-decoder interface unit, through the third channel of the DMA 
controller and is adapted to receive the modulated digital samples from the 
telephony coder-decoder through the third channel of the DMA controller, demodulate 
the digital samples, translate the demodulated digital samples into a second data 
packet, and route the second data packet to the LAN interface unit or the multi- 
protocol SWAN interface unit, through the first and second channels, respectively, 
of the DMA controller; 

a memory coupled to the DMA controller and the CPU; and 

wherein the PCI interface unit is coupled to the internal transfer bus. 

15. A method of routing a data packet in a circuit comprising a plurality of 
communication interfaces and a direct memory access (DMA) controller having 
multiple channels, comprising: 

coupling the plurality of communication interfaces to corresponding channels of the 
DMA controller; 

receiving the data packet at a first of the plurality of communication interfaces; 

passing the data packet to the DMA channel that is coupled to the first 
communication interface; 

storing the data packet in a buffer memory; 

maintaining a plurality of receive linked buffer memory description (BMD) lists; 
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maintaining a transmit linked BMD list for each channel of the DMA controller; 
determining a destination of the data packet; 

appending a buffer memory descriptor (BMD) , which corresponds to the data packet, 
to at least one of the receive linked BMD lists, as a function of the destination; 

appending the BMD to the transmit linked BMD list of a second channel of the DMA 
controller as a function of the destination; 

passing the data packet from the buffer memory to the second channel ; and 

transmitting the data packet from the second channel to the communication interface 
that is coupled to the second channel. 

16. The method of claim 15 wherein the step of maintaining a plurality of receive 
linked BMD lists comprises maintaining a plurality of receive linked BMD lists for 
each channel of the DMA controller. 

17. The method of claim 16 wherein the step of maintaining a plurality of receive 
linked BMD lists comprises maintaining two receive linked BMD lists for each 
channel of the DMA controller. 

18. The single chip remote access processor of claim 1 wherein the CPU comprises 
means for maintaining a plurality of receive linked BMD lists for each channel of 
the DMA controller. 
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ABSTRACT : 

A single chip integrated remote access processor circuit has a plurality of 
communication interface units, including a local area network (LAN) interface unit, 
a first multi-protocol serial wide area network (SWAN) interface unit, a telephony 
coder-decoder interface unit and a peripheral component interface (PCI) unit. A 
data routing control circuit is coupled to the plurality of communication interface 
units for controlling data transfer between the interface units. 
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ATTY-AGENT-FIRM: Westman, Champlin & Kelly, P. A. 
ABSTRACT: 

A single chip integrated remote access processor circuit has a plurality of 
communication interface units, including a local area network (LAN) interface unit, 
a first multi-protocol serial wide area network (SWAN) interface unit, a telephony 
coder-decoder interface unit and a peripheral component interface (PCI) unit. A 
data routing control circuit is coupled to the plurality of communication interface 
units for controlling data transfer between the interface units. 
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TITLE - TI (1) : 

Integrated circuit testing using a high speed data interface bus 

Brief Summary Text - BSTX (19) : 

According to the principles of the present invention, a method and an 
apparatus for testing an integrated circuit by the use of a high speed data 
interface bus is provided. In the present invention, an integrated circuit 
having a programmable digital processor, a program (internal) memory, and a 
JTAG driver is coupled to an external memory via a high speed (parallel) 
interface bus. The external memory stores a plurality of test vectors to be 
used for testing operation of the integrated circuit, and the high speed 
interface bus is used to download these test vectors. The JTAG circuit is used 
to download the control program controlling the download of the test vectors. 

Brief Summary Text - BSTX (21) : 

The proposed method and apparatus reduces the testing time by almost 50% 
because only a short program (control program) is downloaded via the slow 
serial port . The actual test programs are downloaded via a high speed 
interface bus, for example, a high speed external memory interface. 

Claims Text - CLTX (8): 

8. The integrated circuit of claim 7, wherein said JTAG driver further 
comprises: a test data register (TDR) having a serial test input port and 
having n-bit locations for serially receiving a control program through said 
serial test input port, and for transferring said control program in parallel 
into said program memory via said digital processor; a test control register 
(JCON) for initiating downloading and execution of said control program in 
order to download said test vectors and produce test results; and wherein the 
test results of said test vectors are transferred via said programmable digital 
processor into said test data register for serial transfer through said serial 
test output port . 
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DOCUMENT- IDENTIFIER: US 5970069 A 

TITLE: Single chip remote access processor 

Abstract Text (1) : 

A single chip integrated remote access processor circuit has a plurality of 
communication interface units, including a local area network (LAN) interface unit, 
a first multi-protocol serial wide area network (SWAN) interface unit, a telephony 
coder-decoder interface unit and a peripheral component interface (PCI) unit. A 
data routing control circuit is coupled to the plurality of communication interface 
units for controlling data transfer between the interface units. 

Brief Summary Text (10): 

The single chip integrated remote access processor of the present invention has a 
plurality of communication interface units, including a local area network (LAN) 
interface unit, a first multi-protocol serial wide area network (SWAN) interface 
unit, a telephony coder-decoder interface unit and a peripheral component interface 
(PCI) unit. A data routing control circuit is coupled to the plurality of 
communication interface units for controlling data transfer between the interface 
units . 

Detailed Description Text (3) : 

FIG. 2a is a block diagram illustrating a particular application of the remote 
access processor of the present invention which provides diverse connectivity to a 
network server 30 at a corporate headquarter or ISP server site. Remote access 
processor 34 includes local area network (LAN) interface 36, peripheral component 
interface (PCI) 38, and a plurality of serial wide area network (SWAN) interfaces 
40, 42 and 44. Remote access processor 34 is preferably implemented on a single 
semiconductor integrated circuit within network server 30. PCI interface 38 allows 
communication between remote access processor 34 and the host processor within 
network server 30. 

Detailed Description Text (8) : 

FIG. 3 is a block diagram of remote access processor 34. Remote access processor 34 
is implemented on a single integrated circuit chip having a plurality of inputs and 
outputs. In one embodiment, the integrated circuit chip is manufactured with a 3.3 
volt, 0.35 micron CMOS fabrication technology and is packaged within a 256 position 
plastic ball grid array having nominal dimensions of 27 mm. times. 27 mm. times. 2.1 
mm. The communication interfaces include LAN interface 36, PCI interface 38 and 
SWAN interfaces 40, 42a, 42b and 44. SWAN interface 40 is a multi-protocol SWAN 
interface . SWAN interfaces 42a and 42b are time division multiplexer (TDM) serial 
interfaces for supporting two ISDN-BRI networks. SWAN interface 4 4 is a V. 34 coder- 
decoder (CODEC) interface for coupling to a V.34 CODEC modem. The remaining inputs 
and outputs of remote access processor 34 include serial peripheral interface (SPI) 
55, reference clock input 56, real time clock (RTC) input 57, battery back-up input 
58, UART compatible serial I/O port 60, 40 Mhz clock input 62, boundary scan test 
I/O 64, 32-bit local memory interface 66 and general purpose interrupt /control I/O 
70. 
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Detailed Description Text (9) : 

V.34 CODEC interface 44 is coupled to V.34 interface controller 72, which provides 
a serial digital interface to an external V.34 CODEC and digital-to-analog 
converter. V.34 CODEC interface 44 can also be routed to an external ISDN-BRI 
channel . 

Detailed Description Text (10) : 

Ethernet controller 74 is coupled to Ethernet interface 36. Ethernet controller 74 
is based on the E-110 Core Logic, which is available from LSI Logic Corporation, 
and provides a connection to an external Media Independent Interface (Mil). Multi- 
protocol SWAN controllers 7 6a, 7 6b, 76c and 7 6d support four multi-protocol WAN 
interfaces . SWAN controller 7 6a is coupled directly to multi-protocol serial WAN 
interface 40 and is coupled to TDM serial interfaces 42a and 42b through 4-to-l 
time slot multiplexers 78a and 78b. SWAN controller 76a can support a Frame Relay 
protocol over a leased line that is coupled to Multi-protocol WAN interface 40, for 
example. SWAN controllers 76b, 7 6c and 7 6d are coupled to TDM serial interfaces 42a 
and 42b through time slot multiplexers 78a and 78b. Time slot multiplexers 78a and 
78b provide independent transmit and receive TDM interfaces at data rates of up to 
8 Mhz, for example. These interfaces support ISDN, IOM2, IDL, Mitel ST-Bus, AT&T 
P7270 and Tl/El communication applications, for example. Four-bit serial controller 
80 is coupled to SPI interface 55 for providing synchronous, a bidirectional serial 
peripheral interface control for external ISDN transceivers coupled to TDM serial 
interfaces 42a and 42b. 

Detailed Description Text (22) : 

If the data packet is being transferred through V.34 interface controller 72, CPU 
90 executes a V.34 modem algorithm (e.g. a data pump algorithm) which performs the 
digital signal processing or "modulation" portion of the conversion between the 
digital data packets and the analog signals that are transmitted over the public 
switched telephone network. The modulated digital signals are then provided from 
CPU 90 to V.34 interface controller 72 for serial transfer to an external V.34 
Codec and digital-to-analog converter which is coupled to interface 44. The V.34 
Codec performs the final digital-to-analog conversion. Multiply and accumulator 
circuit 96 supports the digital signal processing performed by CPU 90 with the V.34 
modem algorithm. 

Detailed Description Text (23) : 

For ISDN-BRI interfaces, voice, data and facsimile information are integrated over 
a single serial output. This is accomplished by transferring the corresponding data 
packets through separate SWAN controllers, such as SWANs 7 6b, 7 6c and 76d and then 
time-multiplexing the data packets together through one of the time slot 
multiplexers 78a and 78b. 

Detailed Description Text (25) : 

When a data packet is received at one of the serial WAN interfaces 40, 42a or 42b 
or at LAN interface 36, the data packet is passed to DMA controller 82 which 
temporarily stores the data packets in local memory. CPU 90 maintains at least one, 
and preferably two, "receive" linked lists in memory 84 for each channel of DMA 
controller 82. The receive linked list includes a BMD for each received data packet 
that is stored in local memory and corresponds to that DMA channel. 

Detailed Description Text (28) : 

When serial data is received at V.34 Codec interface 44, the data represents a 
sampling of the analog signal transmitted over a public switched telephone network. 
The sampling is performed by an external V.34 Codec (not shown) coupled to V.34 
Codec interface 44. As in the case where serial data is received at one of the LAN 
or WAN ports DMA controller 82 collects the serial data and stores the data in 
local memory, through memory controller 110. Once the data samples have been stored 
in local memory, CPU 90 retrieves the data samples and demodulates the samples into 
digital data packets by performing a digital filter and data pump function through 
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the V.34 digital signal processing algorithm. CPU 90 then stores the data packets 
back into local memory through memory controller 110, and notifies the routing 
software executed by CPU 90 to look for the packets in local memory. The routing 
software then retrieves the packets from local memory and determines their 
destination, as discussed above. 

Detailed Description Text (32) : 

TDM serial interface port 42a is coupled to ISDN transceiver 168. ISDN front end 
circuit 170 is coupled between ISDN transceiver 168 and ISDN network 172. 
Similarly, multi-protocol SWAN interface 40 is coupled to framer 166. A DS-1 CSU/E1 
isolation transformer circuit 176 is coupled between framer 166 and SWAN network 
178. Flash ROM 164 provides 8-bits of instruction data over local memory bus 160. 
Remote access processor 34 controls the operation of ISDN transceiver 168 and 
framer 166 using 8-bit bus 174. In an alternative embodiment, in which a Motorola 
ISDN transceiver is used, SPI interface 55 provides control for the transceiver. 

Detailed Description Text (33) : 

V.34 Codec interface 44 is coupled to V.34 Codec 180. In one embodiment, V.34 Codec 
180 is a SGS/Thompson 7546 V.34 Codec. V.34 DAA interface front end circuit 182 is 
couple between V.34 Codec 180 and public switched telephone network 184. Circuits 
180 and 182 receive the serial V.34 processed digital signals from remote access 
processor 34 and perform the final digital-to-analog conversion for sending the 
data over network 184. 



Detailed Description Text (83) : 
3.2.4 UART Serial Interface 60 



Detailed Description Text (84): 

The Serial UART Interface provides a serial port for connecting to a console and 
allows for RAP system monitor and debug. 



Detailed Description Text (103) : 
3.2.6 TDM Serial Interface 42a and 42b 



Detailed Description Text (234) : 

DMA Controller 82 is illustrated in FIG. 23. DMAC 82 moves data between the serial 
communications controllers (SWANs 76a-76d, E110 ethernet controller 74 and V.34 
codec interface 72) and either the integrated SRAM 84 or Local Memory Interface 66. 
The DMAC buffers data to and from the byte-wide communications controllers and 
bursts 1,2,4 or 8 words to the Local Memory Interface 66. Arbitrary byte alignment 
is supported. 

Detailed Description Text (237): 

Data frames are transferred between the serial interface controllers and the 32-bit 
Local Memory or internal SRAM 84. Both interfaces are maintained and monitored by 
DMAC 82. An additional End Of Frame (EOF) bit is transferred with each byte through 
each queue 250 and 252. The EOF bit is active (one), one byte after the last data 
byte of a frame. 

Detailed Description Text (244) : 

In the receive direction, each channel of DMAC 82 has an associated byte wide 
Receive Data Queue within circuit 252. In addition to the 8 bits of data, the 
Receive Data Queues have 1 bit indicating the End of Frame (EOF) . The EOF bit is 
set in the Receive Data Queue byte location immediately following the last data 
byte of a frame. Bits 0-7 of the byte associated with the EOF bit are used as error 
flags from the serial interface controller. 

Detailed Description Text (266) : 

The V.34 Modem in RAP 34 includes CW4011 resident software, a 16-bit 
multiply/accumulate 96 (shown in FIG. 3) and the V.34 Codec Interface 44. The V.34 



h eb bgeeefceh ege 



Record Display Form 



Page 4 of 5 



Codec Interface 44 provides a serial interface to an external V.34 Codec. 
Detailed Description Text (268) : 

The V.34 interface block 72 is the interface between RAP 34 and the off -chip line 
and voice codec/DAA combination, as shown in FIG. 39. The design of the V.34 
interface block is optimized for the LSI Logic codec/DAA reference design, but 
other implementations are possible. The V.34 interface includes a serial Line Data 
path 280 (this is the path for the digital samples coming from and going to the 
telephone line), a serial Voice Data path 282 (this is the path for digital samples 
coming from and going to the microphone and speaker) , and a set of control and 
status signals. The serial Line Data path includes FIFOs 284a and 284b and serial 
interface 286, which are located on RAP 34 and communicate with DMAC 82 (shown in 
FIG. 3), and external Line Codec 288. The serial Voice Data path includes FIFOs 
290a and 290b, serial interface 292, and external Voice Codec 294. The Line Data 
interface and Voice Data interface are serial connections to external Codecs 288 
and 294. The interfaces are based on Time Division Multiplexed protocols specific 
to the codecs used. V.34 Codec Interface Block 72 further includes an modem control 
register 296 which is coupled to an external DAA/Line control circuit 298 that is 
associated with Codecs 288 and 294. 

Detailed Description Text (305) : 

FIG. 61 is a block diagram which illustrates WAN port configurability. Two Time 
Slot Multiplexers (TSMs) 340 and 342 provide TDM highways for ISDN BRI, channelized 
Tl/Eland other TDM applications. The four SWAN controllers 76a-76d and two Serial 
Peripheral Interfaces (SPI) 80 connect to both TSMs. Serial Channel to time slot 
mapping is programmed in the Switch Table RAM associated with each TSM. 
Alternately, SPI #1 may be mapped to external signal pins as a general purpose 
serial port . 

CLAIMS : 

I. A single chip remote access processor for receiving and transmitting data 
packets having headers with destination addresses, the processor comprising: 

a plurality of communication interface units adapted to transmit and receive the 
data packets and comprising a local area network (LAN) interface unit, a first 
multi-protocol serial wide area network (SWAN) interface unit, a telephony coder- 
decoder interface unit and a peripheral component interface (PCI) unit; 

a multi-channel direct memory access (DMA) controller which is coupled to the 
plurality of communication interface units and comprises a plurality of channels 
and a contents addressable memory (CAM) , wherein each channel comprises a transmit 
queue and a receive queue and wherein the CAM comprises a contents compare input 
coupled to the receive queues so as to receive the destination address of each 
received data packet and comprises a compare output that identifies which of a 
plurality of receive linked lists each data packet received by the receive queues 
is to be appended based on a comparison of the respective destination address; 

a central processing unit (CPU) is adapted to maintain a transmit linked list of 
transmit buffer memory descriptors (BMDs) for each channel of the DMA controller 
and to maintain the plurality of receive linked lists of receive BMDS, wherein each 
transmit BMD corresponds to a data packet to be transmitted through the respective 
channel and wherein each receive BMD corresponds to a data packet received through 
one of the channels. 

II. The single chip remote access processor of claim 10 wherein: 

the telephony coder-decoder interface unit comprises a serial interface for 
receiving modulated digital samples; and 
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the CPU comprises means for demodulating the digital samples, translating the 
digital samples into data packets, and routing the data packets to a selected one 
of the communication interface units. 

14. A remote access processor comprising: 

an internal transfer bus; 

a plurality of communication interface units comprising a local area network (LAN) 
interface unit, a first multi-protocol serial wide area network (SWAN) interface 
unit, a telephony coder-decoder interface unit and a peripheral component interface 
(PCI) unit, wherein the telephony coder-decoder interface unit comprises a serial 
interface for receiving modulated digital samples; 

a multi-channel direct memory access (DMA) controller coupled to the internal 
transfer bus and having a first channel coupled to the LAN interface unit, a second 
channel coupled to the multi-protocol SWAN interface unit and a third channel 
coupled to the telephony coder-decoder interface unit; 

a central processing unit (CPU) coupled to the internal transfer bus which is 
adapted to receive a first data packet through the first or second channel of the 
DMA controller, modulate the first data packet for transmission through the 
telephony coder-decoder interface unit and route the modulated first data packet to 
the telephony coder-decoder interface unit, through the third channel of the DMA 
controller and is adapted to receive the modulated digital samples from the 
telephony coder-decoder through the third channel of the DMA controller, demodulate 
the digital samples, translate the demodulated digital samples into a second data 
packet, and route the second data packet to the LAN interface unit or the multi- 
protocol SWAN interface unit, through the first and second channels, respectively, 
of the DMA controller; 

a memory coupled to the DMA controller and the CPU; and 

wherein the PCI interface unit is coupled to the internal transfer bus. 
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